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The risk analysis is a useful process, at national level in assessing possible dangerous issues. Part of larger concept of risk 
analysis, the pest risk analysis is performed according to International Plant Protection Convention (IPPC) principles. 
Performed in order to assess pathogen control of forest trees, it supplies a new perspective in the control of concerned 
diseases. The aim of our paper is to implement the steps of risk analyses conducted according to IPPC principles for 
Phytophtora cactorum (Lebert & Cohn) Schröt. attack against beech trees from a nursery in Transylvanian climatic 
conditions, and to emphasize the results of this approach. The initiation stage includes the following issues: motivation 
of analysis, targeted pathogen (P.cactorum), and area of interest (nursery with 50 beech seedlings located in Superior 
Basin of Niraj, respectively, the Forest Office of Sovata, county of Mureş, Romania). The assessment stage includes: pest 
characterization and determination of attack degree (average values between 19.49% in 2011, and 21.77% in 2012). The 
management stage includes: monitoring, and sanitary decisions treatment with mefenoxam and phosphate, but also 
biological treatment or using soil amendments as biochair). The implementation of the pest risk analyze within a multi-
annual experiment, emphasize its usefulness by capacity of documentation on a reliable database, and as consequence 
formulation of most efficient managerial solutions in order to minimize the pathogen attack. 
 






The excessive use of pesticides has as 
consequence negative secondary effects upon 
environment: destroying of useful fauna and flora, 
imbalanced agro-eco-systems, appearance of some 
species with enhanced resistance against pesticides, 
environmental pollution, etc.  
 
 






Beginning with the last half of the XX century, 
a new plant protection concept was born, namely 
integrated fight against diseases and pathogens [4, 
14, 20, 25].  
However the name, the strategy is designed to 
lead to accomplishment of the following aims: 
environmental protection, protection of the useful 
species, maintaining pest populations bellow 
economic damage threshold, maintaining biological 
balance in agro-eco-systems [14].  
Function of the application field, the fight 
measures may be preventive, curative and 
eradicative25. One of the most interesting approaches 
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of the system of integrated fight is the use of the risk 
analysis [1, 16, 25]. The risk analysis is a process 
largely used by the correspondent structures 
responsible at national level (often governments) for 
managing aspects - nuclear facilities, aviation, 
chemical emissions resulted from industrial 
processes, terrestrial accidents, etc. - that may 
represent possible dangerous issues [25].  
When pest risk analysis is performed, 
distinction is made between quarantine and non-
quarantine pests. According to International Plant 
Protection Convention (IPPC) a quarantine pest is “a 
pest of potential economic importance to the area 
endangered thereby and not yet present there, or 
present but not widely distributed and being officially 
controlled” (1997), while non-quarantine pest is “a 
non-quarantine pest whose presence in plants for 
planting affects the intended use of those plants with 
an economically unacceptable impact and which is 
therefore regulated within the territory of the 
importing contracting party” (1997). Communication 
between all interested parts that coordinate the pest 
risk analysis is a compulsory action during entire risk 
analysis process [25].  
The importance of implementation of the pest 
risk analyse arises from its capacity of assessing to 
which category (quarantine or non-quarantine) pest 
belongs and as consequence formulation of 
appropriate pest control measures (phytosanitary, 
cultural, etc.). Adapted to pathogen control of forest 
trees, the risk analyze is recent option that supplies a 
new perspective in the control of concerned diseases. 
In establishing the risk analyse, main principles are 
mentioned    in    documents    elaborated   by    the  
International Plant Protection Convention (IPPC), the 
International Standards for Phytosanitary Measures 
(ISPMs) [25].  
• ISPM No. 2 (Framework for pest risk 
analysis, 2007) concerns the general principles of 
risk analysis. 
• ISPM No. 11 (Pest risk analysis for 
quarantine pests including analysis of 
environmental risks and living modified 
organisms, 2004) concerns issues to be taken into 
consideration when one conducts the pest risk 
analysis for identifying the quarantine pests. 
• ISPM No. 21 (Pest risk analysis for 
regulated non-quarantine pests) concerns aspects 
connected to non-quarantine pests. 
The aim of our paper is to implement the steps 
of risk analyses conducted according to IPPC 
principles for Phytophtora cactorum (Lebert & 
Cohn) Schröt. attack against beech trees from a 
nursery in Transylvanian climatic conditions, and to 
emphasize the results of this approach. 
 
 
2. Material and Method 
 
Risk analysis. The risk analysis was 
conducted during April - September in three 
consecutive years (2010, 2011, and 2012, 
respectively) according to IPPC principles, in three 
stages [25]: initiation, assessment, and management 
(Fig. 1). The host was European beech specie - Fagus 
sylvatica L. (Domain: Eukaryota, Kingdom: 
Plantae, Order: Fagales, Family: Fagaceae, Gens: 
Fagus L.) [14].  
 
 
Figure 1. The stages of the pest risk analysis (adaptation of ISPM No. 2 - Framework for pest risk analysis, 2007) 
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Statistics. Basic statistics was applied in order 
to emphasize the means of attack degree and abiotic 
factors influencing the pathogen action (temperature, 
and precipitation regimen, respectively), together 
with parameters of dispersion. The multiple 
regression approach was implemented in order to 
estimate the behavior of target pathogen function of 
abiotic factors with essential influence on intensity of 
studied pathogen attack. IBM-SPPS was used [5, 24]. 
 
 3. Results and Discussions 
 
The initiation stage includes the following 
issues: a. motivation of analysis, b. targeted pathogen, 
and c. area of interest (Fig. 1). 
a. The motivation of analysis. The high 
incidence recorded for Phytophtora cactorum (Lebert 
& Cohn) Schröt. attack in coniferous continues to be 
a constant threat against development of healthy 
forests in climatic conditions of Transylvania that 
recorded important alterations in last fifty years (the 
increase with 1 0C of the average temperature) [2, 3, 
6].  
b. Target pathogen. From taxonomic point of 
view, pathogen may be characterized as belonging to 
Domain Eukaryota, Kingdom Chromalveolata, 
Phylum Heterokontophyta, Class Oomiycetes, 
Subclass Incertae sedis, Order Pythiales, Family 
Pythiaceae, Genus Phytophtora, Specie P. 
cactorum(Lebert & Cohn) Schröt. The common name 
of disease is late blight [11, 12, 14, 15]. 
c. The area of interest. The study area was 
located in Transylvania, Superior Basin of Niraj, 
respectively, the Forest Office of Sovata, county of 
Mureş, Romania (46033’0’’N, 24049’60’’E), which 
has in custody conifers and deciduous forests. The 
experimental site consists of 2 ha of beech (Fagus 
sylvatica L.) forest, with brown acid soil [14, 18]. The 
observation site was a beech (Fagus sylvatica L.) 
nursery with 50 beech seedlings within experimental 
site. A previous plan of risk assessment against 
Phytophtora cactorum (Lebert & Cohn) Schröt. 
was not implemented in the area. For this reason, 
the risk analysis will continue. 
The assessment stage includes: d. pest 
characterization and e. determination of attack degree 
d. The pest characterization. In last decade, in 
European countries, the increased incidence of many 
Phytophtora species in forest trees became a concern. 
Among these, we can mention:   P. cinnamomi, P. 
cactorum, P. citricola, P. quercina, P. cambivora, P. 
pseudosyringae, P. alni, etc. [14].  
The main reason is vulnerability of forest 
ecosystem against spreading disease (late blight) from 
attacked nurseries, with all expensive consequences 
linked to cost of replacing concerned plantations. 
Comon tree hosts, except Fagus sylvatica L.: Acer 
platanoides, A. pseudoplatanus, Picea abies, Pinus 
silvestris, Quercus spp.The Phytophtora cactorum 
(Lebert & Cohn) Schröt. is an important threat against 
beech (Fagus sylvatica L.) seedlings in nursery [14]. 
The attack of Phytophtora cactorum (Lebert & Cohn) 
Schröt. on roots and/or stem of beech trees, also 
contributes to increase their vulnerability against the 
action of other pests and/or parasites (e.g. Armillaria, 
Nectria coccinea, bark beetles, etc.), with lethal 
consequences. It is a specie that commonly attack 
young plants from seeds of conifers and 
deciduous.  Beech (Fagus sylvatica L.) seedlings and 
other hardwood attacked emphasize disease (late blight) 
symptoms at the level of underground and ground 
organs, function of host phenophase. The attacked roots 
become blackened and subsequently disease spreads and 
covers the embryo and the seed germinated. The attack 
against the seedling stem usually occurs at the insertion 
of the cotyledons. The affected tissues rot and blackened 
tissue extends and includes the seedlings cotyledonated 
leaves. Climatic factors are the most important in 
pathogen action. It is already well known that rainy 
summers advantage the development of Phytophthora 
species [7, 13, 21].  
The increase of precipitation regimen, air and 
soil humidity determines bigger vulnerability of 
beech seedlings against the attack of Phytophtora 
cactorum (Lebert & Cohn) Schröt. Literature 
emphasizes even the possibility of synergistic action 
of these environmental factors. Commonly, the most 
important tools for fighting against this pathogen are 
both prophylactic and curative. The prevention may 
be counterbalanced using the chemical treatment of 
seeds with fungicides. The curative measures are 
recommended when first attack symptoms are 
identified in seedlings, by alternative use of contact 
and systemic fungicides. There are literature reports 
that mention the success of practicing biological 
control using Enterobacter aerogenes and/or 
Trichoderma [10].  
A series of methods are used in order to foresee 
the intensity and frequency of Phytophtora genus 
attack against the big number of species that could 
represent a potential target. All these methods take 
into consideration that climatic conditions are 
limitative factors in pathogen action. In order to 
quantify the influence of these factors, an important 
approach is the multiregression analyse [5, 24]. 
e. Determination of attack degree. Basic 
statistics emphasize an average Phytophtora 
cactorum (Lebert & Cohn) Schröt. attack degree 
(AD), against beech seedlings, between 19.49% 
(2011) and 21.77% (2012), in conditions of normal 
distribution (table 1). The temperature and rainfall 
regimen had averages framing in normal values for 
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the experimental period (April – September) of each 
year (table 1). These values demonstrate uniformity 
and in consequence, good distribution of the analyzed 
values that confer confidence to the results of this 
analyze in experimental years 2010 – 2012 (table 
1).The maximum average rainfall regimen was 
recorded in 2012 (84.59 mm), and corresponds to the 
bigger average Phytophtora cactorum (Lebert & 
Cohn) Schröt. attack degree of the experimental 
period (21.77%), while the maximum average 
temperature (17.22 0C) was recorded in 2011, and 
corresponds to the lowest Phytophtora cactorum 
(Lebert & Cohn) Schröt. attack degree (19.49%) of 
the experimental period (table 1). 
 
Table 1. Descriptive statistics for Phytophtora cactorum (Lebert & Cohn) Schröt attack degree and               
experimental factors influencing the pathogen intensity, during experimental period, 2010 - 2012 
 
Year Mean Median Minimum Maximum Std.Dev. Std. err. Skewness Kurtosis 
Temperature, 0C (n = 183) 
2010 16.65 17.25 10.60 21.00 4.06 0.31 -0.49 1.34 
2011 17.22 17.40 12.60 20.40 2.92 0.22 -0.63 0.42 
2012 16.52 16.85 10.10 20.50 3.97 0.29 -0.65 0.61 
Precipitation regimen, mm (n = 183) 
2010 83.07 78.62 47.25 137.67 13.46 0.99 0.79 0.09 
2011 66.74 51.94 7.12 158.99 7.92 0.58 0.82 0.44 
2012 84.59 78.11 17.29 174.49 11.80 0.87 0.96 2.78 
Attack degree, %(n = 50) 
2010 20.73 23.10 8.10 34.20 3.68 0.61 -0.25 1.67 
2011 19.49 19.81 11.50 29.10 2.29 0.32 0.30 0.14 
2012 21.77 24.05 8.20 35.30 4.03 0.57 -0.24 0.88 
 
 
No significant differences are reported 
between Phytophtora cactorum (Lebert & Cohn) 
Schröt. attack degrees recorded in experimental 




Figure 2. The significance of differences between 




The test of the synergetic potential of the 
climatic factors (temperature and rainfall regimen) 
upon the intensity of the Phytophtora cactorum 
(Lebert & Cohn) Schröt. attack degree against beech 
seedlings using the multiregression approach, 
emphasize the influence of both climatic factors, but 
at different intensities (Fig. 3, Fig. 4, and Fig. 5).  
In 2010, the regression line for the relationship 
between Phytophtora cactorum (Lebert & Cohn) 
Schröt.  attack degree, temperature and rainfall 
regimen Y = - 17.962 + 0.481 x t (0C) + 0.663 x Pp 
(mm) show a bigger influence of the precipitation 
upon the evolution of the attack degree, compared to 
temperature (Fig. 3).  
The relationship is defined by a strong multiple 
correlation coefficient R = 0.881 (R2 = 77.78%), 
which demonstrates strong relationship between all 
three analyzed parameters in first experimental year 
2010. Graphic representation emphasizes the 
possibility of recording biggest attack degrees of 
about 21% in climatic conditions similar to the 
reference year, 2010 respectively, at average 
temperatures of 25 0C and 65 mm rainfall regimen 
(Fig. 3). The same general tendency was recorded in 
second experimental year, 2011. Compared to 
previous experimental year, 2010, the regression line 
describing the relationship attack degree - 
temperature - rainfall regimen Y = - 14.301 + 0.013 
x t (0C) + 0.7843 x Pp (mm) shows the biggest 
influence of the precipitation upon the evolution of 
the attack degree (Fig. 4).  
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The relationship is defined by average to 
strong multiple correlation coefficient R = 0.774 (R2 
= 59.90%), which demonstrates average to strong 
relationship between all three analyzed parameters in 
conditions of biggest average temperature of all 













Figure 3. The graphic representation of the 
interrelationship between attack degree – temperature – 
rainfall regimen in 2010 
 
 
In these conditions, the graphic representation 
emphasizes biggest attack degrees of about 20% in 
climatic conditions characterized by average 
temperatures of 20 - 25 0C and 150 mm rainfall 
regimen (Fig. 4). 
Similarly to previous two experimental years, 
in 2012, the regression line for the relationship 
between Phytophtora cactorum (Lebert & Cohn) 
Schröt.  attack degree, temperature and rainfall 
regimen Y = - 9.498 + 0.546 x t (0C) + 0.591 x Pp 
(mm) show a bigger influence of the precipitation 
upon the evolution of the attack degree, compared to 
temperature (Fig. 5).  
The relationship is defined by a very strong 
multiple correlation coefficient R = 0.953 (R2 = 
90.80%), which demonstrates very strong 
relationship between all three analyzed parameters in 











Figure 4. The graphic representation of the 
interrelationship between attack degree – temperature – 











Figure 5. The graphic representation of the 
interrelationship between attack degree – temperature – 
rainfall regimen in 2012 
Y = - 17.962 + 0.481 x t (0C)  + 0.663 x Pp (mm) 
R = 0.881, R2 = 0.777 
 
Y = - 14.301 + 0.013 x t (0C) + 0.784 x Pp (mm) 
R = 0.774, R2 = 0.599 
 
Y = - 9.498 + 0.546 x t (0C)   + 0.591 x Pp (mm) 
R = 0.953, R2 = 0.908 
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The analyse of the graphic representation 
demonstrates biggest attack degrees of about 21% in 
climatic conditions of average temperatures of 25 0C 
and 75 mm rainfall regimen (Fig. 5).The interrelation 
between climatic factors (temperature and rainfall 
regimen) and Phytophtora cactorum (Lebert & Cohn) 
Schröt.attack degree during experimental period 2010 
– 2012 confirms the most important influence of 
rainfall regimen upon the extension of the attack 
degree upon beech (Fagus sylvatica L.) seedlings. 
 The management stage is must design the 
most important measures needed to be taken in order 
to minimize the pathogen attack degree. Among these 
measures we mention the followings: applying 
appropriate maintenance measures for beech (Fagus 
sylvatica L.) seedlings, permanent control of 
Phytophtora cactorum (Lebert & Cohn) Schröt.  
It includes: f. monitoring, and g. sanitary 
decisions.f. The monitoring activity included 
recordings of the evolution of attack degree function 
of favorizing factors, as climatic conditions [2, 3, 19]. 
 Based on these observations, the managerial 
decisions are put into practice. 
g. Sanitary decisions are formulated in order to 
minimize the disease effects upon affected trees. They 
are based on monitoring reports, and include 
recommendation of treatment with mefenoxam and 
phosphate8, 14, 22. Because of the resistance risk that 
can be developed by plants as response to repeated 
treatment with these substances [14, 17], other options 
are recommended. Among these, we mention as 
appropriate the biological treatment with 
Enterobacter aerogenes or Trichoderma that has 
been successful10, or even using unconventional soil 




The multi-annual approach confers an 
increased accuracy of data concerning the evolution 
of the attack degree function of different parameters 
(climatic conditions, treatments). It also allows the 
development of an accurate database concerning 
climatic conditions, soil traits, Phytophtora cactorum 
(Lebert & Cohn) Schröt. attack degree, and host 
(Fagus sylvatica L. seedlings) resistance.The 
implementation of the pest risk analyze for 
Phytophtora cactorum (Lebert & Cohn) Schröt. attack 
against beech (Fagus sylvatica L.) seedlings, within a 
multi-annual experiment, emphasize  its usefulness by 
capacity of documentation on a reliable database, and 
as consequence formulation of most efficient 
managerial solutions in order to minimize the 
pathogen attack. It also creates premises for initiating 
a national programme for assessment of risk analyse 
against specific pathogens of coniferous and 
deciduous mature trees and seedlings. 
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